The impact of natural hazards on agriculture in Indonesia is becoming increasingly severe. Therefore, improving farmers' capacity to undertake risk coping strategies is essential to maintaining their prosperity. The objective of this study was to investigate the determinants of farmers' decisions on ex ante and ex post coping strategies in rural West Java, Indonesia. The study was based on a field survey of 180 farmers conducted in the Garut district from July to October 2017. The study used the protection motivation theory framework and applied three econometric models: binomial logit model, zero truncated Poisson regression model, and multinomial logit model. Most farmers (74.4%) adopted ex ante coping strategies. They were characterized as having higher risk aversion per capita expenditure and disaster experience, but lower discount rates and percentage of damage and locations in downstream and midstream areas. Coping appraisal perceptions were found to be important factors in the risk coping analysis. Four determinants of the decision on the number of ex ante coping strategies adopted were: per capita expenditure, land size, disaster experience, and access to financial institutions. The most common ex post coping strategy adopted by farmers was the middle-stress type.
Introduction
Farmers adopt strategies to cope with farming risks to sustain their livelihood. These strategies can be grouped into two categories. The first is the ex ante strategy, called the protective response, which helps to smooth income flow to households. The second is the ex post strategy, which helps to smooth consumption by households [1] [2] [3] [4] . Under a given condition, farmers select ex ante or ex post strategies to cope with farming risks.
Farmers tend to adopt ex post strategies to minimize the impacts of disasters [3] . Ex post strategies are viewed as immediate responses to problems [5] . According to the World Bank [6] , in principle, the best approach to reduce risks is to take actions that anticipate the adverse impacts of disasters, or adopt ex ante strategies, because the function of ex post strategies is to address the failures of ex ante strategies.
The impact of natural hazards on agriculture in Indonesia, which appear to be due to climate change, has become increasingly severe. From 2005 to 2015, for example, the number of natural hazards, such as flooding and droughts, doubled [7] . As weather warms and humidity increases, pests and diseases occur more often and destroy plants. The Ministry of Agriculture (MoA) [8] reported an increase in attacks to paddy crops by pests, such as brown plant hoppers, by as much as 180% in 2014 compared to 2012. To minimize the calamitous impact of disasters at the farm household capacity to cope with the risks. For the present study, a coping strategy was defined as an adaptation to and anticipation of expected future risks and as an immediate response to minimize the impacts of shocks [25] . Adaptive capacity is the ability of individuals to prepare in advance for stresses and to adapt and adjust to the effect of the stresses [25, 26] .
PMT explains decisions to take protective responses based on socio-psychological factors. According to the PMT presented in Figure 1 , two processes are involved in risk evaluation. The first is a threat appraisal known as risk perception, which involves two assessments: risk impact perception and risk probability perception. The second is a coping appraisal, which involves three evaluations: coping efficacy, self-efficacy, and cost efficacy [27] . Based on PMT, the key mediator of the relationship among threat appraisal, coping appraisal, and behavior is protection motivation [27] [28] [29] , which is a combination of threat and coping appraisal assessments. The processes of the two assessments are sequential [30] . Before conducting coping appraisal (assessment of adaptive options), farmers must first believe that a threat is present [27, 30] . Threat appraisal evaluates the perceived probability and impact of harm. This process occurs before coping appraisal because to evaluate the adaptive options farmers have to perceive a threat [17] . The combination of threat and coping appraisal assessments determines the protection motivation. If the protection motivation is high, this motivation should be converted into taking ex ante coping strategies; otherwise, it will result in taking ex post coping strategies. Taking ex post coping strategies, furthermore, influences the adaptive capacity of farmers to anticipate expected future risks, which depends on the resource value and its degree of reversibility allocated for taking ex post coping strategies. defined as an adaptation to and anticipation of expected future risks and as an immediate response to minimize the impacts of shocks [25] . Adaptive capacity is the ability of individuals to prepare in advance for stresses and to adapt and adjust to the effect of the stresses [25, 26] . PMT explains decisions to take protective responses based on socio-psychological factors. According to the PMT presented in Figure 1 , two processes are involved in risk evaluation. The first is a threat appraisal known as risk perception, which involves two assessments: risk impact perception and risk probability perception. The second is a coping appraisal, which involves three evaluations: coping efficacy, self-efficacy, and cost efficacy [27] . Based on PMT, the key mediator of the relationship among threat appraisal, coping appraisal, and behavior is protection motivation [27] [28] [29] , which is a combination of threat and coping appraisal assessments. The processes of the two assessments are sequential [30] . Before conducting coping appraisal (assessment of adaptive options), farmers must first believe that a threat is present [27, 30] . Threat appraisal evaluates the perceived probability and impact of harm. This process occurs before coping appraisal because to evaluate the adaptive options farmers have to perceive a threat [17] . The combination of threat and coping appraisal assessments determines the protection motivation. If the protection motivation is high, this motivation should be converted into taking ex ante coping strategies; otherwise, it will result in taking ex post coping strategies. Taking ex post coping strategies, furthermore, influences the adaptive capacity of farmers to anticipate expected future risks, which depends on the resource value and its degree of reversibility allocated for taking ex post coping strategies. = the process of PMT; = predicted to directly influence protection motivation.
In this study, ex ante coping strategies were grouped into on-farm and off-farm strategies. Ex post coping strategies were grouped into three types of stress level: low, middle, and high [31, 32] . The stress level depends on the allocated resource value and its degree of reversibility. Table 1 shows types of ex post coping strategies based on stress level. defined as an adaptation to and anticipation of expected future risks and as an immediate response to minimize the impacts of shocks [25] . Adaptive capacity is the ability of individuals to prepare in advance for stresses and to adapt and adjust to the effect of the stresses [25, 26] . PMT explains decisions to take protective responses based on socio-psychological factors. According to the PMT presented in Figure 1 , two processes are involved in risk evaluation. The first is a threat appraisal known as risk perception, which involves two assessments: risk impact perception and risk probability perception. The second is a coping appraisal, which involves three evaluations: coping efficacy, self-efficacy, and cost efficacy [27] . Based on PMT, the key mediator of the relationship among threat appraisal, coping appraisal, and behavior is protection motivation [27] [28] [29] , which is a combination of threat and coping appraisal assessments. The processes of the two assessments are sequential [30] . Before conducting coping appraisal (assessment of adaptive options), farmers must first believe that a threat is present [27, 30] . Threat appraisal evaluates the perceived probability and impact of harm. This process occurs before coping appraisal because to evaluate the adaptive options farmers have to perceive a threat [17] . The combination of threat and coping appraisal assessments determines the protection motivation. If the protection motivation is high, this motivation should be converted into taking ex ante coping strategies; otherwise, it will result in taking ex post coping strategies. Taking ex post coping strategies, furthermore, influences the adaptive capacity of farmers to anticipate expected future risks, which depends on the resource value and its degree of reversibility allocated for taking ex post coping strategies. In this study, ex ante coping strategies were grouped into on-farm and off-farm strategies. Ex post coping strategies were grouped into three types of stress level: low, middle, and high [31, 32] . The stress level depends on the allocated resource value and its degree of reversibility. Table 1 shows types of ex post coping strategies based on stress level. defined as an adaptation to and anticipation of expected future risks and as an immediate response to minimize the impacts of shocks [25] . Adaptive capacity is the ability of individuals to prepare in advance for stresses and to adapt and adjust to the effect of the stresses [25, 26] . PMT explains decisions to take protective responses based on socio-psychological factors. According to the PMT presented in Figure 1 , two processes are involved in risk evaluation. The first is a threat appraisal known as risk perception, which involves two assessments: risk impact perception and risk probability perception. The second is a coping appraisal, which involves three evaluations: coping efficacy, self-efficacy, and cost efficacy [27] . Based on PMT, the key mediator of the relationship among threat appraisal, coping appraisal, and behavior is protection motivation [27] [28] [29] , which is a combination of threat and coping appraisal assessments. The processes of the two assessments are sequential [30] . Before conducting coping appraisal (assessment of adaptive options), farmers must first believe that a threat is present [27, 30] . Threat appraisal evaluates the perceived probability and impact of harm. This process occurs before coping appraisal because to evaluate the adaptive options farmers have to perceive a threat [17] . The combination of threat and coping appraisal assessments determines the protection motivation. If the protection motivation is high, this motivation should be converted into taking ex ante coping strategies; otherwise, it will result in taking ex post coping strategies. Taking ex post coping strategies, furthermore, influences the adaptive capacity of farmers to anticipate expected future risks, which depends on the resource value and its degree of reversibility allocated for taking ex post coping strategies. In this study, ex ante coping strategies were grouped into on-farm and off-farm strategies. Ex post coping strategies were grouped into three types of stress level: low, middle, and high [31, 32] . The stress level depends on the allocated resource value and its degree of reversibility. Table 1 shows types of ex post coping strategies based on stress level. In this study, ex ante coping strategies were grouped into on-farm and off-farm strategies. Ex post coping strategies were grouped into three types of stress level: low, middle, and high [31, 32] . The stress level depends on the allocated resource value and its degree of reversibility. Table 1 shows types of ex post coping strategies based on stress level. The present study adopted PMT as a framework in combination with socio-psychological and socio-economic factors. The socio-economic factors that are predicted to influence the types of ex ante coping strategies include personal, economic, farming, financial (institutional access), and geographical factors [29, [33] [34] [35] [36] [37] [38] [39] . In the original PMT, protection motivation merely depends on psychological factors (coping appraisal and threat appraisal), in which intrapersonal and environmental characteristics act as sources of information [16, 27] . In the present study, as shown in Figure 1 , personal, farming, economic, institutional, and geographical characteristics were predicted to act not only as sources of information but also as direct influences on protection motivation.
Study Site
The Garut district, in the West Java Province, Indonesia, was chosen as a study area. This district has been one of the most vulnerable areas to natural hazards since 2012 [7] . The natural hazards that commonly occur include flooding, excessive rainfall, and pests and diseases [7, 8] . For example, a flood at the end of 2016 was the worst flood in the district [7] and most people in the district rely on agriculture for their livelihood [40] . The district has approximately 122,082 ha of farmland, which accounts for around 10% of the total paddy area in the province [41] . Garut's poverty rate was around 12.47% in 2014 [40] . In 2016, the number of farmers purchasing agricultural insurance was the lowest among all districts in the province [10] .
Data Collection
The field survey was conducted from August to October 2017 in the north of Garut, among one of the district's areas most vulnerable to disasters [7] . There are 21 sub-districts in the area distributed upstream, midstream, and downstream of the Cimanuk River. The respondents selected were paddy growers who had not yet purchased agricultural insurance. The number of respondents (N) was calculated as follows:
where Z is the confidence level, CI is the level of margin error, and P is the degree of variability. By using a 50% degree of variability, 95% confidence level (Z = 1.96), and 7.5% margin error, the total number of respondents targeted was around 180 farmers.
Respondents were selected using multistage cluster sampling. First, two sub-districts were randomly selected from each group of sub-districts: upstream, midstream, and downstream. The sub-districts chosen were Samarang and Bayongbong in the upstream area, Tarogong Kidul and Tarogong Kaler in the midstream area, and Banyuresmi and Leuwigoong in the downstream area ( Figure 2 ). Second, from each sub-district, two villages were randomly chosen. Third, from each village, 30 farmers were randomly selected. Therefore, there were 180 farmers as respondents. Face-to-face interviews were conducted to collect data on farmers' ex ante and ex post coping strategies. First, farmers were asked whether they knew of agricultural insurance. If they did not, the interview was continued; if so, they were excluded. The farmers were asked whether they had performed ex ante coping strategies in the last five years (January 2012-December 2016) to reduce the impact of disasters. If they had, they were asked what types of coping strategies they had adopted. As for ex post coping strategies, farmers were asked what types of ex post coping strategies they had adopted after disasters had occurred. Farmer characteristics (personal, economic, financial, institutional, and farming) were collected. At the end of the interview, to measure risk behavior, trust, and discount rate, a game was played following procedures used by Schechter [42] and Kirby et al. [43] in which risk behavior and trust were identified by applying a risk and trust game (economic experiment). The discount rate was identified by examining farmers' choices between delayed and immediate rewards. The key indicators/questions included in the interviews were as follows:
• Adopting an ex ante coping strategy: take/do not take an ex ante coping strategy (dummy) • Number of ex ante coping strategies taken (number of strategies)
• Type of ex post coping strategies taken: type of ex post coping strategy taken based on stress level Face-to-face interviews were conducted to collect data on farmers' ex ante and ex post coping strategies. First, farmers were asked whether they knew of agricultural insurance. If they did not, the interview was continued; if so, they were excluded. The farmers were asked whether they had performed ex ante coping strategies in the last five years (January 2012-December 2016) to reduce the impact of disasters. If they had, they were asked what types of coping strategies they had adopted. As for ex post coping strategies, farmers were asked what types of ex post coping strategies they had adopted after disasters had occurred. Farmer characteristics (personal, economic, financial, institutional, and farming) were collected. At the end of the interview, to measure risk behavior, trust, and discount rate, a game was played following procedures used by Schechter [42] and Kirby et al. [43] in which risk behavior and trust were identified by applying a risk and trust game (economic experiment). The discount rate was identified by examining farmers' choices between delayed and immediate rewards. The key indicators/questions included in the interviews were as follows:
‚
Adopting an ex ante coping strategy: take/do not take an ex ante coping strategy (dummy) The decision on adopting ex ante coping strategies was recorded as yes or no, categorized as a binary response. The model for analysis is the binomial logit model. The decision is influenced by the expected utility of wealth from adopting coping strategies. If the utility level after disasters without ex ante coping strategies is Upω a q and the utility level after disasters with ex ante coping strategies is Upω b ), farmers adopt ex ante coping strategies when they believe that coping strategies will stabilize the utility level compared to without coping strategies. This occurs when U´ω b¯ą Upω a q. When farmers decide to adopt ex ante coping strategies, the value is called a latent variable, being unobservable. The latent variable (U˚pω ican be determined by factors that are predicted to influence the decision. Therefore, the utility level of wealth can be written as:
where x i represents determinants of a decision such as personal characteristics, and β and ε are the coefficient and error term, respectively. The decision to adopt ex ante coping strategies can be rewritten as follows:
According to Wooldridge [44] , supposing that the probability of farmer i adopting ex ante coping strategies is represented by P i and E is the expected value, the equation for the logit model can be written as:
ln e
where e is the base of the natural logarithm and x 1 i β is the function of farmers' characteristics. The equation of logit model can be rewritten as: 
One important statistical feature in the logit model is the marginal effect that shows the change of probability on adopting ex-ante coping strategies when there is a unit change in an independent variable, and the other independent variables are constant. The marginal effect ( By i Bx k q of independent variable k with coefficient β k can be written as follows:
The proportion between the probability of adopting and not adopting ex-ante coping strategies is called the odds ratio. The equation is as follows:
Count Data Estimation: Number of Ex Ante Coping Strategies Adopted
There is a possibility that there are different behaviors among farmers who adopt ex ante coping strategies. Due to different determinants, some farmers adopt one strategy, whereas others adopt more than one. When analyzing the number of ex ante coping strategies adopted by farmers, the data are count data. One appropriate model to analyze count data with positive responses py ą 0q is the zero truncated Poisson regression model (ZTPRM).
The econometric equation in the ZTPRM is based on Green [45] . Suppose that the number of ex ante coping strategies chosen by a farmer in a given period is y. To identify the effects of independent variables pxq on y, the Poisson distribution of independent variables pxq is analyzed. The Poisson distribution is specified by the mean value. If e is the base of the natural logarithm, the expected value pEq of mean parameter pγq is an exponential function, as follows:
When y is a Poisson random variable conditional on x, the probability of the density function can be written as:
In the ZTPRM, positive values (y > 0) are used. Therefore, Equation (8) can be expressed as follows:
where j is the number of ex ante coping strategies adopted, which is dependent on the value of γ i . Its value is influenced by farmers' characteristics (x 1 i β) (see Equation (7)). Supposing that EXP represents exponential function, the equation of γ i is as follows: 
In ZTPRM, the marginal effect (
q of independent variable k with coefficient β k can be written as follows:
The proportion by which the dependent variable changes for a unit change in independent variable k with coefficient β k is called Incidence Rate Ratio (IRR). Its equation can be expressed as:
There is a restriction on the ZTPRM: the variance of the model has to be equal to the mean, Varpy|xq " Epy|xq " γ. This assumption can sometimes be violated because the variance in the model py i q can be either higher or lower than the mean. To avoid this problem, the standard error has to be adjusted. The zero truncated negative binomial model (ZTNBM) is one of the alternative models after the variance is adjusted. Based on Hilbe [46] , after the standard error is adjusted, the variance equation can be written as Varpy|xq " γ i`α γ i 2 . When the standard error is equal to 0 pα " 0q, the model fulfills the assumption (restricted model). Under this condition, the ZTPRM is used. If the standard error is higher than 0 pα ą 0q, called overdispersion, the ZTNBM is used. When the standard error is lower than 0 pα ă 0q, this is called underdispersion. To select either a restricted model or unrestricted model, the likelihood statistic test pϕq is applied by examining the null hypothesis with an equation, as follows:
ϕ "´2 log´L ztnbm´Lztprmq¯( 13)
Categorical Data Estimation: Types of Adopted Ex Post Coping Strategies
When a disaster occurs, farmers have to adopt ex post coping strategies. These can be categorized based on stress level: low, middle, and high [31, 32] . The multinomial logit model (MLM) can be applied in the analysis. When farmer i adopts type j ex post coping strategy, based on Green [45] , the equation can be written as:
1 " i f f armer i takes ex post coping strategy j 0 " otherwise
Supposing that x represents a variable that influences the decision to adopt a certain type of ex post coping strategy, β represents the coefficient of each variable, and e is the base of the natural logarithm, the MLM can be written as:
The response variable pjq has three possible outcomes: low-stress (1); middle-stress (2); and high-stress (3). In addition, middle-stress (2) is considered as a base case in this study. Therefore, there are two non-redundant sub-models as follows: 
The marginal effect´B
f an independent variable with coefficient β k on the probability of adopting ex post coping strategy j can be expressed as:
Theoretically, the decision to adopt ex ante coping strategies, the number of strategies, and the type of ex post coping strategies adopted are often determined by various factors. The independent variables are the following. AGE is the age of the farmer, which can positively and negatively influence adopting coping strategies [37] . EDU is education level. It has been reported to positively determine adopting coping strategies [38, 39] . SEX is considered to influence the decision [38] . However, studies differ whether women or men are more likely to adopt the strategies [37, 39] . Risk-averse farmers (RISK) are more likely to adopt ex ante coping strategies to minimize the adverse impacts of risk [33, 47] . Discount rate (DISC) influences the decision and particularly strategies involving long-term investments such as saving [48] . TRUST among community members is predicted to influence adopting the strategies. Higher trust among communities improves connection (social relation) [49, 50] . As a result, risk coping capacity increases as there are many risk coping alternatives available associated with higher connection with other community members, such as borrowing and rotating savings and credit association (ROSCA). Disaster experience (DISEXP) has been found to be a positive determinant of adopting strategies [51, 52] . Percentage of damage (PDM) was reported to reduce individuals' resources. Therefore, it decreases the capacity to adopt risk coping strategies [53] . Risk perception variables, which are risk impact perception (RIP) and risk probability perception (RPP), and coping appraisal, namely coping efficacy appraisal (CEA), self-efficacy appraisal (SEA), and cost appraisal (CA), were found to be significant determinants of adopting ex ante coping strategies [15, 17, 30] .
Per capita expenditure (EXPD) positively determines the decision to adopt risk coping strategies [2, [34] [35] [36] . The influence of land size (LAND) can be positive and negative. Farmers with small land size are reported to adopt ex ante coping strategies, particularly income diversification, whereas farmers who manage middle-sized land are not likely to adopt coping strategies, and allocate all their time to farming [54, 55] . Access to financial institutions reflected by bank account ownership (BANK) positively influences the decision on risk coping strategies. Borrowing money from financial institutions can be invested in off-farm income-generating activities [56] [57] [58] [59] . According to the author's observation, asset (ASST), landholding that is sharecropped (SHARE), rent in cash (RIC), the type of farmland (TF), and the location of farmers, namely downstream (DSTR) and upstream (USTR), were predicted to influence the decision to adopt risk coping strategies. Sharecropping, rent in cash, and privately owned land might have different incomes. Therefore, they have different capacities to adopt risk coping strategies. The type of farmland and location might influence the level of risk. Therefore, it is predicted that these two variables will influence farmers' decisions about risk coping strategies. Diagnostic procedures were conducted adequately for reliability analysis as follows: first, variance inflation factors (VIF) were calculated to check for multicollinearity problems among the independent variables. Second, the link test was conducted to determine the right model to use. Third, for the ZTPRM, an adjustment of standard error followed by the likelihood statistic test was undertaken to check whether the model had an overdispersion or underdispersion problem.
Results

Farmers' Characteristics
As shown in Table 2 , most of the interviewed farmers were male (92.2%). The average age of the farmers was 51.8 years and their education level was 7.3 years. On average, land size managed by farmers was 0.43 ha, of which around three-quarters was irrigated. The largest share of farmers were sharecroppers (49.4%). 
Farmers' Experience of Disasters
There were five types of risks experienced by farmers: drought, flood, pests and diseases, deficit rainfall, and excessive rainfall. Table 3 presents the average number of disasters experienced by farmers during 2012-2017. The most frequent disaster in each crop season was pests and diseases. The least frequent disaster was flooding, which occurred in crop Seasons 1 and 2 in downstream and midstream areas. Therefore, the major risk in the area was pests and diseases. This was experienced by all farmers in almost every crop season, and occurred in downstream, midstream, and upstream areas. 
Farmers' Risk Coping Strategies
Ex Ante Coping Strategies
There were two types of ex ante coping strategies adopted by farmers: on-farm and off-farm. On-farm coping is a strategy to reduce negative impacts on agricultural production by farming practices, including water management, planting in different plots, and crop diversification. There are three off-farm coping strategies: income diversification, saving, and rotating savings and credit association (ROSCA). According to the survey data, 134 out of 180 farmers (74.4%) adopted ex ante coping strategies. As shown in Table 4 , 60% of farmers used income diversification as a coping strategy, while around one-third used saving (31.7%) as a coping strategy. In general, the majority of farmers adopted off-farm strategies compared to on-farm strategies.
The highest number of ex ante coping strategies adopted by a farmer was four (eight farmers). Coping strategies were a mix of on-farm and off-farm. Overall, the number of farmers who adopted more than one type of ex ante coping strategy was higher than farmers who adopted only one type of ex ante coping strategy. Note: Percentages were calculated by dividing the number of farmers adopting an ex ante coping strategy by the total number of farmers (180 farmers). ROSCA, rotating savings and credit association.
Ex Post Coping Strategies
All farmers in the study area experienced disasters and adopted ex post coping strategies. There were 10 ex post coping strategies adopted by farmers (Table 5) . Overall, most farmers chose middle-stress level types for which the frequency of receiving help from relatives was the highest (122 farmers, 67.7%). The lowest frequency was four farmers (2.2%) for taking children out of school. A single farmer might adopt more than one ex post coping strategy.
At most, four ex ante coping strategies were adopted (three farmers, 1.7%). The majority of farmers adopted two ex post coping strategies, which accounted for 39.4% of the total. Farmers who adopted more than one type of ex post coping strategy were more common than farmers who adopted one type of ex post coping strategy. Note: Percentages were calculated by dividing the number of the farmers taking an ex post coping strategy by the total number of farmers (180 farmers).
Farmer Behavior to Risk Coping Strategies
Identification of farmers' behavior regarding risk coping strategies is essential in order to examine their behavior in spreading risks among the available coping strategies. When farmers adopt ex ante coping strategies, they might adopt a combination of ex ante coping strategies. According to Table 6 , when selecting one ex ante coping strategy (59 out of 134 farmers), off-farm strategies were preferred to on-farm strategies, but it is mostly limited to income diversification (47 farmers, 79.7%). Table 6 . Combination of ex ante coping strategies adopted by farmers.
Number of Coping Strategies
On-Farm Strategy Off-Farm Strategy Number of Farmers (%) Water Management
Planting in Different Plot
Crop Diversification ROSCA Income Diversification Saving
In the case of selecting multiple ex ante coping strategies, the most popular selection was a combination of two ex ante coping strategies. Although at first glance the combination was varied, the major combination was limited to selecting off-farm strategies rather than combining on-farm and off-farm strategies. Although minor, when selecting three or four ex ante coping strategies, both on-farm and off-farm strategies were combined. However, the water management on-farm strategy and ROSCA off-farm strategy were not highly preferred. In other words, cropping practices, such as planting in different plots and crop diversification, and own capital, such as income diversification and saving, were the major means.
When ex ante coping strategies fail to address risks, farmers rely on ex post coping strategies to cope with loss caused by those risks. Even with ex post coping strategies, farmers can select many ex post coping strategies depending on conditions. As shown in Table 7 , in terms of the number of coping strategies, there were 29 combinations of ex post coping strategies. Although two ex post coping strategies were preferred by 71 out of 180 farmers, only one ex post coping strategy (65 farmers out of 180 farmers) was equally high. Adopting three ex post coping strategies (31 out of 180 farmers) was less common but represented a significant selection. In terms of combinations from the viewpoint of stress level, ex post coping strategies at the low-stress level were less frequently selected. Even when selecting three ex post coping strategies, middle-stress and high-stress coping strategies were preferred. Selecting only one ex post coping strategy, either "increase in household budget" or "get help from relatives", was comparatively preferred. For selecting two or three ex post coping strategies, although the combinations were diverse, the top three combinations were as follows in terms of mode: "use savings" (middle-stress) and "borrow from formal and informal resources" (middle-stress) (15 farmers, 21.1%), "get help from relatives" and "default on loans" (14 farmers, 19.7%), and "get help from relatives", "sell productive assets", and "default on loans" (11 farmers, 26.8%). 
Note: MCP, modification consumption pattern; IHB, increase household budget; USV, utilize savings; BRW, borrow from formal and informal resources; GHR, get help from relative; MFJ, migrate to find jobs; SCA, sell consumption assets; SPA, sell productive assets; DOL, default on loan(s); TCS, take children out from school. Table 8 shows estimated coefficients, marginal effects, and odds ratios of parameters from the binomial logit model. According to the Chi-squared test, the joint determinants of adopting ex ante coping strategies are significant at the 1% level. The result of the link test indicates that the model is precisely specified. Moreover, as the highest value of the variance inflation factor (VIF) is 3.77, there was no multicollinearity in the model. The result shows that risk behavior, disaster experience, coping efficacy, self-efficacy, and per capita expenditure positively and significantly determine the decision on ex ante coping strategies. Meanwhile, discount rate, percentage of damage, cost perception, and land size significantly negatively influence the decision. Farmers in the downstream and midstream area significantly adopt fewer ex ante coping strategies, compared to those in the upstream area. Notes: *** significant at 1% level, ** significant at 5% level, * significant at 10% level. d Marginal effects were computed at the average of marginal effects.
Determinants of Adopting Risk Coping Strategies
Determinants of Adopting Ex Ante Coping Strategies
Determinants of Number of Ex Ante Coping Strategies Adopted
The number of ex ante coping strategies adopted by a farmer was predicted to be influenced by many factors. The model selected is the ZTPRM. The choice of the model is strengthened by values of log likelihood of the ZTPRM and ZTNBM, which are identical. The result of an overdispersion test showed that the value of α (3.19´8) in the ZTNBM was equal to 0. This low value suggests that the variable response was not overdispersed, and that the model needs to follow the restricted model of the ZTPRM instead of the ZTNBM. According to the result of the ZTPRM in Table 9 , among independent variables, there were four determinants of the number of ex ante coping strategies adopted: per capita expenditure, land size, disaster experience, and access to financial institutions. Note: *** significant at 1% level, ** significant at 5% level, * significant at 10% level, IRR is Incidence Rate Ratio. d Marginal effects are computed at the average of marginal effect.
Determinants of Adopting Ex Post Coping Strategies
Results of the multinomial logit model (MLM) analysis are presented in Table 10 . In the model, the middle-stress coping strategy was set as a base case. The first analysis identified determinants of selecting ex post coping strategies between the low-and middle-stress type. Among the variables, percentage of damage, shareropping, and rent-in cash were found to be strongly and positively associated with adopting the low-stress type. Variables that negatively influenced the decision to adopt the low-stress type were education and location in the midstream area. The second analysis identified the determinants of decisions on adopting ex post coping strategy between the middle-stress and the high-stress type. The result showed that percentage of damage, sharecropping, and location in the downstream area were significant positive determinants of the decision to adopt the high-stress type. Disaster experience and asset value were significant negative determinants of the decision. 
Discussion
This study investigated the determinants of decisions to adopt ex ante coping strategies and the number of strategies adopted. The study identified the determinants of decisions on the type of ex post coping strategies adopted.
The result of the logit model showed that risk-averse farmers significantly adopt ex ante coping strategies to anticipate the negative impacts of future risks. Risk-averse households tend to diversify income, even though the total income might be lower [33] . This result confirms the finding of previous studies that risk-averse farmers tend to use crop diversification as one of the ex ante coping strategies to reduce failures in production [31, 32, 47, 60] . Farmers who have a higher discount rate significantly do not adopt ex ante coping strategies. This finding is similar to that of Reardon and Vosti [48] , who stated that farmers may have a high discount rate and may sacrifice long-term objectives (reducing the adverse impact of risks). A higher discount rate means that farmers value current resources higher than those of the future. This means that farmers prefer present benefits from their current resources over those in the future. This condition reduces farmers' investments allocated for ex ante coping strategies such as saving, from which the benefit will be enjoyed by farmers in the future.
Disaster experience significantly determines the decision to adopt ex ante coping strategies. Influence of disaster experience on adopting ex ante coping strategies was consistent with findings in Bangladesh and in the U.S. [51, 52] . Disaster experience delivers knowledge of the adverse impacts of disasters on farmer wealth. As a result, their motivation to adopt ex ante coping strategies increases. Percentage of damage has a negative impact on adopting ex ante coping strategies. This is because a higher percentage of damage means that farmers' income is lower; therefore, farmers have a lower capacity to invest in ex ante coping strategies. As reported by Warner et al. [53] , the percentage of damage influences the capacity of individuals to cope with risks.
In terms of prediction, each coping appraisal perception variable-coping efficacy, self-efficacy, and cost-are important determinants of implementing ex ante coping strategies. Farmers who have higher coping efficacy and self-efficacy perceptions significantly adopt ex ante coping strategies to minimize the impact of risks. Conversely, farmers who have higher cost perception significantly do not implement ex ante coping strategies, in line with previous findings [15, 17, 18, 30] . In contrast with the prediction, risk perception variables (risk probability and risk impact) were not significant for adopting ex ante coping strategies. According to the survey data, most farmers reported that the probability of disaster occurrence was high, particularly with respect to pests and diseases. Therefore, there was almost no difference in terms of risk probability between farmers who took on and those who did not take on ex ante coping strategies. This condition might have occurred because the objective of ex ante coping strategies is to minimize the adverse impact of various risks (five risks in the present study) [12, 61, 62] . The insignificant risk perception of adopting ex ante coping strategies is similar with previous findings [63] [64] [65] [66] , which analyzed the effect of risk perception on adopting protective responses to minimize the impact of floods.
Regarding economic characteristics, per capita expenditure is a determinant of adopting ex ante coping strategies. Farmers with higher per capita expenditure significantly adopt ex ante coping strategies, because farmers with high per capita income have more capacity to do so [2, [34] [35] [36] .
Farming characteristics are expected to be essential to the decision to adopt ex ante coping strategies. Land size had a negative impact on the decision. This finding is similar to those of previous reports [54, 55] . According to the survey, because of small land size, farmers had enough time to undertake off-farm income-generating activities as sources of ex ante coping. Farmers who managed middle-sized land tended to concentrate on farming as a main income source and allocated all their time to farming. However, because of small incomes, they could not save part of their incomes as an ex ante coping strategy. In contrast, farmers who managed larger land sizes could adopt ex ante coping strategies, such as saving, because, with larger land sizes, they could earn higher incomes. Therefore, farmers who had larger land sizes significantly adopted ex ante coping strategies. This condition fitted in the model when the land size variable was converted into a squared variable; it increased the prediction power.
Regarding geographical location, the result indicates that farmers in the downstream and midstream areas adopt fewer ex ante coping strategies compared to those in the upstream area. This is because farmers in the downstream and midstream areas have a higher percentage of damage, compared to those in the upstream area. Moreover, in the upstream area, there are many options for cropping due to favorable agro-climatic conditions, resulting in their crop diversification every season as an ex ante coping strategy.
Different numbers of ex ante coping strategies are chosen by farmers. To minimize the total income risk, farmers adopt different strategies [67] . The number of ex ante coping strategies adopted reflects the intensity of the desire to reduce the negative impacts of disasters. An increase in the number of strategies strengthens the capacity of farmers to reduce the impact of disasters, but this reduces valuable resources, not only in terms of money, but also time.
The result of the ZTPRM showed that per capita expenditure, land size, disaster experience, and access to financial institutions are determinants of decisions on the number of ex ante coping strategies adopted. Even though access to financial institutions is not a significant determinant in adopting ex ante coping strategies, further investigation of farmers who choose ex ante coping strategies showed that this variable positively determines the number of ex ante coping strategies adopted. Access to financial institutions might increase the capacity of farmers to implement ex ante coping strategies. For instance, farmers use a financial institution to save some parts of their income and to borrow money to be invested in off-farm income-generating activities [56] [57] [58] [59] . It is likely that economic affordability (deriving from income, large land size, and access to financial institutions) enables farmers to invest in several coping strategies.
Farmers rely on an ex post coping strategy to cope with the risks when ex ante coping strategies fail to address the risks. The stress level of the strategy adopted influences farmers' adaptive capacity to anticipate future risks. The result of the MLM to identify determinants of decisions to take on ex post coping strategies between the low-stress and the middle-stress type shows that, among personal characteristics, education and percentage of damage are significant determinants of selecting the lowand middle-stress types. Farmers with a higher education level significantly adopt middle-stress coping strategies rather than low-stress coping strategies. This might be because farmers with a higher education level have a better ability to process information [68] . For instance, migrating to find jobs should be easier for farmers with a higher education level because it requires the processing of complicated information to find a suitable job. Madison [69] stated that farmers with a higher education level are more likely to employ coping strategies to minimize the adverse impacts of risks. Farmers who have experienced a higher percentage of damage significantly adopt low-stress coping strategies rather than the middle-stress strategies. This is likely because the higher percentage of damage resulted in lower incomes. Accordingly, instead of high investments, such as migrating to find jobs, which enables compensation for large-scale damage, farmers increase their household budget to fulfill their basic needs by minimizing unnecessary spending and modifying consumption patterns as ex post coping strategies.
Among economic characteristics, per capita expenditure was a significant factor for selecting the low-and middle-stress strategies. Farmers with higher per capita expenditure significantly selected the middle-stress coping strategy. For farming characteristics, sharecropping and rent in cash farmers were determinants of taking on ex post coping strategies. Farmers who practiced sharecropping and rent in cash farmers significantly selected the lower-stress coping strategy compared to that of owner farmers. This is because they produce lower incomes due to paying a share of products and rent to land owners. According to the survey data, farmers who practiced sharecropping and rent in cash had lower per capita incomes by 46.6% and 10.9%, respectively, compared to those of owner farmers.
From the geographical aspect, farmers in the midstream area significantly adopted the middle-stress type rather than the lower-stress type. According to the survey data, farmers in the midstream area had higher per capita incomes by 24.5%, and almost three times higher saving values, but were 13.3% less likely to take credit compared to those in the upstream area.
The result of the MLM in identifying the determinants of decisions regarding ex post coping strategies between the middle-stress and the high-stress types showed that disaster experience and percentage of damage significantly influence the selection of ex post coping categories. Farmers who experienced several disasters choose middle-stress rather than high-stress type. Conversely, farmers who experienced a higher percentage of damage adopt the high-stress rather than the middle-stress type. Sharecroppers significantly adopt the high-stress rather than the middle-stress type. Asset value is a significant determinant of selecting between the high-stress and the middle-stress type. Farmers with a higher asset value tend to select the middle-stress type because they could easily pay the cost of coping strategies. Farmers in the downstream area significantly adopt the high-stress type compared to farmers in the upstream area.
The result of the analysis of the type of ex post coping strategies adopted showed that the more prosperous farmers (higher per capita expenditure and asset value) select the middle-stress type and, after that, the low-stress and the high-stress categories. This means that as long as farmers can use their savings, borrow from formal or informal sources, migrate to find jobs, and obtain help from relatives, they avoid reducing consumption and expenditure, selling productive and consumption assets, defaulting on loans, and taking children out from school as ex post coping strategies.
Implications for governmental policy, in particular, should focus on increasing farmers' risk coping capacities, including farmers' participation in agricultural insurance schemes. According to the results of this study, access to financial institutions reflected by bank account ownership positively influenced farmers' decisions regarding the number of adopted ex ante coping strategies. This highlights the opportunity for policymakers, such as the government, to formulate a policy to increase farmers' adaptive capacity, including by purchasing agricultural insurance. Increasing access to financial institutions is one of the policies that can be implemented by the government. This provides opportunities for farmers to increase incomes. For instance, farmers might borrow money to be invested in off-farm income-generating activities or to pay for crop diversification. When farmers' incomes rises, farmers can increase their risk coping capacity by adopting more than one ex ante coping strategy. In the long term, the policy might increase the participation rate in agricultural insurance because agricultural insurance will be more affordable to farmers when they have a higher income. This study reveals that a psychological factor-coping appraisal perception-is a significant determinant for adopting ex ante coping strategies. Therefore, the government should also improve farmer awareness of ex ante coping strategies. Increasing awareness of ex ante coping strategies will influence coping appraisal perception. As a result, farmers' willingness to implement ex ante coping strategies or adaptive capacity would be expected to increase.
There is a limitation to the present study. Some variables have a low significance level (10% significance level). This might be because risks faced by farmers in the survey area included several risks. Therefore, ex ante coping strategies adopted by farmers were used to minimize the negative impacts of several future risks. It is important to identify farmers' behavior in terms of ex ante coping strategies on a certain type of risk. As such, the significance level of the variables could be measured precisely.
Conclusions
Most farmers (74.4%) adopted ex ante coping strategies. These farmers had certain characteristics: higher risk aversion, higher per capita expenditure, and greater experience of disasters, but lower discount rate and percentage of damage, and location in downstream and midstream areas. The present study clarifies that coping appraisal perception determines the decision to adopt coping strategies. This finding confirms that socio-psychological aspects are essential factors in choosing coping strategies.
The majority of farmers implement more than one type of coping strategy. They combine strategies either within the same type (on-farm or off-farm) or across on-farm and off-farm strategies. The main selection is a combination of two off-farm strategies (income diversification and saving). Four significant determinants regarding the number of ex ante coping strategies adopted are as follows: per capita expenditure, land size, disaster experience, and access to financial institutions.
The present study shows that all farmers adopt ex post coping strategies. The most common coping strategy is the middle-stress coping strategy. When adopting more than one coping strategy, farmers prefer combinations within the same stress level (low, middle, or high) or across different types. Prosperous farmers tend to select the middle-stress followed by the low-stress type.
The government should increase farmers' access to financial institutions to increase their adaptive capacity. Such a policy would provide opportunities for farmers to increase income. As income increases, the capacity of farmers to adopt ex ante strategies increases. The government should also improve farmers' awareness of ex ante strategies. In the long-term, policies might increase agricultural insurance participation rates.
The present study is one of the studies on farmers' risk coping behavior that applies the PMT framework. Therefore, this is an important study of the socio-cognitive model of adaptation and adaptive capacity, and an example of the studies in behavioral research in agriculture associated with coping risks in a developing country. Moreover, this study presents a case study. Therefore, the result might not reflect farmers' behavior in the country as a whole. Nevertheless, the framework will be useful for future research investigating farmers' risk coping behavior in other areas in Indonesia as well as in developing countries.
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